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Determination of Mn concentration in sample  
From EMP data, empirical formula is 
Na0.70(Li0.96Al1.5Mn0.47Fe0.006Ti0.001Ga0.007)Al6(Si6O18)(BO3)3(OH)3(OH)0.68F0.32 
 𝑀𝑛%	𝑖𝑛	𝑌	𝑠𝑖𝑡𝑒 = !.#$
%.&#'
∗ 100% = 16.0%	𝑀𝑛	𝑖𝑜𝑛𝑠 (1) 
There are 7.5 Y site ions in a single unit cell, therefore: 
 #𝑀𝑛	𝑖𝑛	𝑢𝑛𝑖𝑡	𝑐𝑒𝑙𝑙 = 7.5	𝑖𝑜𝑛𝑠 ∗ 16.0%	𝑀𝑛	𝑖𝑜𝑛𝑠 = 1.20	𝑀𝑛	𝑖𝑜𝑛𝑠/𝑢𝑛𝑖𝑡	𝑐𝑒𝑙𝑙 (2)
  
 1.31	𝑀𝑛	𝑖𝑜𝑛𝑠/𝑢𝑛𝑖𝑡	𝑐𝑒𝑙𝑙 ∗ (	*+,	
-.!%×(!!"	/+01
= 1.99 × 102%#	𝑚𝑜𝑙	𝑀𝑛	𝑖𝑜𝑛𝑠/𝑢𝑛𝑖𝑡	𝑐𝑒𝑙𝑙 (3) 
According to crystal structure data from reference 1, unit cell volume is 1,530 Å3, or 1.53×10-24 
L. 
 𝐶𝑜𝑛𝑐	𝑜𝑓	𝑀𝑛	𝑖𝑜𝑛𝑠	 = 	 %.(3×(!
#!$*+,	40	/+0
(.'5×(!#!$6
= 1.30	𝑀	𝑀𝑛	𝑖𝑜𝑛𝑠 (4) 
 
Determination of the extinction coefficient of the transition 5E(a1)1(e)2(e)1 → 5E(a1)1(e2)1(e2)2 at 
530 nm (1.81 AU, E⊥c) 
Assuming that all Mn is converted to Mn3+ upon irradiation with a dose of 240 Mrad, then: 
 𝜀 = 781
,∗:+0:
= (.3(
(!.'-'	:*)∗((.5!	4)
= 2.47	𝑀2(𝑐𝑚2( (5) 
 
Determination of Fe concentration in sample  
From XRF data, empirical formula is 
Na0.70(Li0.96Al1.5Mn0.47Fe0.006Ti0.001Ga0.007)Al6(Si6O18)(BO3)3(OH)3(OH)0.68F0.32 
 𝐹𝑒%	𝑖𝑛	𝑌	𝑠𝑖𝑡𝑒 = !.!!-
%.&'#
∗ 100% = 0.20%	𝐹𝑒	𝑖𝑜𝑛𝑠 (6) 
There are 7.5 Y site ions in a single unit cell, therefore: 
 #𝐹𝑒	𝑖𝑛	𝑢𝑛𝑖𝑡	𝑐𝑒𝑙𝑙 = 7.5	𝑖𝑜𝑛𝑠 ∗ 0.33%	𝐹𝑒	𝑖𝑜𝑛𝑠 = 0.015	𝐹𝑒	𝑖𝑜𝑛𝑠/𝑢𝑛𝑖𝑡	𝑐𝑒𝑙𝑙 (7) 
 0.025	𝐹𝑒	𝑖𝑜𝑛𝑠/𝑢𝑛𝑖𝑡	𝑐𝑒𝑙𝑙 ∗ (	*+,	
-.!%×(!!"	/+01
= 2.5 × 102%-	𝑚𝑜𝑙	𝐹𝑒	𝑖𝑜𝑛𝑠/𝑢𝑛𝑖𝑡	𝑐𝑒𝑙𝑙 (8) 
According to crystal structure data from reference 1, unit cell volume is 1,530 Å3, or 1.53×10-24 
L. 
 𝐶𝑜𝑛𝑐	𝑜𝑓	𝐹𝑒	𝑖𝑜𝑛𝑠	 = 	 %.'×(!
#!%*+,	=>	/+0
(.'5×(!#!$6
= 0.017	𝑀	𝐹𝑒	𝑖𝑜𝑛𝑠 (9) 
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Determination of the extinction coefficient of transition at 700 nm (0.079 AU, Fe(II) d-d, 0.079 
AU, E∥c) 
 𝜀 = 781
,∗:+0:
= !.!#3
(!.'-'	:*)∗(!.!($	4)
= 5.1	𝑀2(𝑐𝑚2( (10)
  
Determination of the extinction coefficient of transition at 1,030 nm (0.079 AU, Fe(II) d-d and 
Fe(II)/Fe(III) IVCT, 0.33 AU, E⊥c) 
 𝜀 = 781
,∗:+0:
= !.55
(!.'-'	:*)∗(!.!($	4)
= 35	𝑀2(𝑐𝑚2( (11) 
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